Introduction
============

Variceal bleeding occurs in 30 % of patients with cirrhosis [@JR120-1] [@JR120-2]. The mortality rate for patients with cirrhosis is 50 % in the first 6 weeks after the first bleeding episode and 30 % after subsequent episodes [@JR120-2] [@JR120-3] [@JR120-4]. Secondary prophylaxis is warranted. Otherwise, 60 % of patients who survive the first bleeding episode will experience rebleeding [@JR120-3].

Patients with Child-Pugh class C cirrhosis, or those with class B cirrhosis with active bleeding at the index endoscopy, are at high risk for treatment failure and have a poor prognosis [@JR120-5] [@JR120-6] [@JR120-7] [@JR120-8] [@JR120-9]. In a previous randomized controlled trial (RCT), conducted by several investigators among our group (S. E. M., S. C., P. S., and F. M.-F.) and their colleagues [@JR120-8], 88 patients with esophageal variceal bleeding were treated with sclerotherapy or elastic band ligation (EBL). Patients with Child-Pugh class C cirrhosis had a 6-week mortality rate of 45.7 %, whereas no deaths occurred in the group of patients with Child-Pugh class A cirrhosis (*P* \< 0.001).

More than a decade ago, several investigators among our group (S. E. M., P. S., and F. M.-F.) and their colleagues [@JR120-10] compared endoscopic injections of ethanolamine with injections of n-butyl-2-cyanoacrylate to treat the first episode of esophageal variceal bleeding in a small RCT of patients with Child-Pugh class C cirrhosis. The treatment results were favorable in the group who received injections of n-butyl-2-cyanoacrylate [@JR120-10]. Since then, the treatment of acute esophageal variceal bleeding in patients with Child-Pugh class C cirrhosis with endoscopic injection of n-butyl-2-cyanoacrylate has been adopted by our unit in the Department of Gastroenterology, São Paulo University. García-Pagán and colleagues [@JR120-6] have reported that patients with Child-Pugh class C cirrhosis with a score between 10 and 13 points or those with Child-Pugh class B cirrhosis with active bleeding at endoscopy benefit from early creation of a transjugular intrahepatic portosystemic shunt (TIPS). This finding indicates that there is a need for differentiated therapy for this group of patients [@JR120-6].

In the current study, our question was whether the results obtained in the RCT conducted by members of our group and their colleagues [@JR120-8] would be reproducible outside the artificial environment created by RCTs. Thus, our objective was to investigate the following 3 outcomes in patients with Child-Pugh class C cirrhosis who underwent endoscopic injection of n-butyl-2-cyanoacrylate to treat esophageal variceal hemorrhage: (1) rate of failure to control bleeding (up to 5 days after the index bleeding), (2) rate of failure of secondary prophylaxis (from 6 days until 6 weeks after the index bleeding), and (3) complication and mortality rates.

Patients and methods
====================

From September 2004 to January 2010, 76 consecutive patients with Child-Pugh class C cirrhosis, who were admitted to Hospital das Clínicas of University of São Paulo School of Medicine with esophageal variceal bleeding, underwent endoscopic treatment with intravariceal injection of n-butyl-2-cyanoacrylate. Of these patients, 13 were excluded from the current study because of incomplete medical records. All patients received intravenous terlipressin and ciprofloxacin before the index endoscopy. We considered esophageal varices as the bleeding source in 3 situations: (1) an endoscopic finding of active variceal bleeding, (2) the presence of a fibrin plug over the varix and blood/fresh clots in the stomach, and (3) the presence of varices without any other potential source of bleeding associated with blood/fresh clots in the stomach. None of the patients had a history of TIPS or surgical interventions for the treatment of portal hypertension.

The patients were divided into 2 groups according to their Child-Pugh class C cirrhosis scores. Patients assigned to group I had a score of 10, 11, 12, or 13 points, and those assigned to group II had a score of 14 or 15 points. In addition to group assignment per Child-Pugh class C cirrhosis scores, records of study participants were evaluated to delineate the following patient characteristics and history (see also [Table 1](#TB120-1){ref-type="table"}): demographics (age and sex); cause of cirrhosis; history of variceal bleeding during the past year; type of hemorrhage: primary (patients seeking treatment because of bleeding) versus secondary (patients who presented with gastrointestinal bleeding during hospitalization for other causes); use of a Sengstaken-Blakemore tube for esophageal balloon tamponade before index endoscopy; endoscopic findings of variceal bleeding (active versus recent); and number of ampules of n-butyl-2-cyanoacrylate (1 ampule vs ≥ 2 ampules) used during treatment.

###### Characteristics and history of patients (N = 63) selected for study.

                                                                                                                 No. (%)     Group I, %   Group II, %
  ------------------------------------------------------------------------------------------ ------------------- ----------- ------------ -------------
  Age, y Range Mean (SD)                                                                     22 -- 7449.9 (13)   63 (100)                 
  Child-Pugh class C cirrhosis score                                                                                                      
   Group I (10, 11, 12, or 13 points)                                                                            50 (79.4)                
   Group II (14 or 15 points)                                                                                    13 (20.6)                
  Sex                                                                                                                                     
   Female                                                                                                        13 (20.6)    69.2        30.8
   Male                                                                                                          50 (79.4)    82.0        18.0
  Cause of cirrhosis                                                                                                                      
   Alcohol                                                                                                       10 (15.9)   100           0
   Alcohol and virus                                                                                              7 (11.1)   100           0
   Cryptogenic                                                                                                    9 (14.3)    66.67       33.33
   Virus                                                                                                         28 (44.4)    78.57       21.43
   Other                                                                                                          9 (14.3)    55.56       44.44
  History of variceal bleeding during the past year                                                                                       
   No                                                                                                            15 (23.8)    73.3        26.7
   Yes                                                                                                           48 (76.2)    81.3        18.7
  Type of hemorrhage                                                                                                                      
   Primary[1](#FN120-1){ref-type="table-fn"}                                                                     50 (79.4)    88.0        12.0
   Secondary[2](#FN120-2){ref-type="table-fn"}                                                                   13 (20.6)    46.2        53.8
  Use of Sengstaken-Blakemore tube for esophageal balloon tamponade before index endoscopy                                                
   No                                                                                                            56 (88.9)    76.8        23.2
   Yes                                                                                                            7 (11.1)   100           0
  Endoscopic findings of variceal bleeding                                                                                                
   Active                                                                                                        23 (36.5)    82.6        17.4
   Recent                                                                                                        40 (63.5)    77.5        22.5
  Ampules of n-butyl-2-cyanoacrylate used during treatment, no.                                                                           
   1                                                                                                             50 (79.4)    80.0        20.0
   ≥ 2                                                                                                           13 (20.6)    76.9        23.1

SD, standard deviation.

Hemorrhage type was classified as primary for patients seeking treatment because of bleeding.

Hemorrhage type was classified as secondary for patients who presented with gastrointestinal bleeding during hospitalization for other causes.

Endoscopic variceal obliteration consists of intravariceal injection of a mixture of 0.5 mL of n-butyl-2-cyanoacrylate (Histoacryl; B. Braun Melsungen AG, Melsungen, Germany) with 0.7 mL of iodinated poppy oil (Lipiodol Ultra-Fluid; Braun Laboratory, Rio de Janeiro, Brazil). In brief, the endoscope and the biopsy channel were sprayed with silicone, and the catheter was purged with 0.5 mL of Lipiodol Ultra-Fluid. Immediately before the injection, the catheter was rinsed with distilled water to keep it free of blood contained in the endoscope channel. The vessel was punctured close to the rupture point. At this point, the water syringe was replaced by another syringe containing the mixture, which was subsequently injected. To push the mixture into the vessel, 1.5 mL of distilled water was injected shortly thereafter. This volume was usually enough to empty the catheter of its entire contents. If larger volumes of distilled water are quickly injected, n-butyl-2-cyanoacrylate may be washed away from the varix before solidification. Hence, it is necessary to calculate the dead space of the catheter before the procedure. Next, the endoscope was inserted into the stomach, and no fluid was aspirated for approximately 30 seconds to avoid damaging the equipment. The use of Lipiodol Ultra-Fluid slowed the polymerization reaction and enabled us to check the results of the injection through radiologic imaging. The procedure was not performed under the control of fluoroscopy. After injection, the varix was palpated with the catheter to ensure that it had been obliterated. The number of ampules of n-butyl-2-cyanoacrylate used varied from case to case, but the dilution of the mixture was always of the same proportions. When it was impossible to identify the ruptured varices, injection was performed at the larger varices. The n-butyl-2-cyanoacrylate injection was performed by a senior endoscopist or by a trainee under supervision. Pulmonary embolism was not routinely investigated after n-butyl-2-cyanoacrylate injection. When clinical conditions allowed patients were referred for sessions of EBL 7 to 10 days after endoscopic treatment of the acute bleeding episode.

We described the results of the endoscopic treatment according to the following criteria, established by the fifth edition of the Baveno International Consensus Workshop [@JR120-5]: failure to control bleeding: clinically relevant rebleeding occurring up to 5 days after endoscopic treatment; secondary prophylaxis rebleeding: clinically relevant rebleeding occurring 6 days to 6 weeks after endoscopic treatment; and failure of secondary prophylaxis: death occurring 6 days to 6 weeks after endoscopic treatment. We also evaluated complication and mortality rates. We selected age, Child-Pugh class C cirrhosis scores (groups I and II), sex, cause of cirrhosis, history of variceal bleeding, type of hemorrhage (primary or secondary), use of a Sengstaken-Blakemore tube for esophageal balloon tamponade, endoscopic findings of variceal bleeding, and number of injected n-butyl-2-cyanoacrylate ampules at the index endoscopy as potential prognostic factors for the aforementioned outcomes. The patients were monitored for 8 weeks or until death.

Statistical analyses
--------------------

The Fisher exact test was used to compare qualitative variables, and the Kruskal-Wallis test was used for quantitative variables. Models of simple and multiple-variable Cox regressions were used to assess time to death and bleeding in the same periods of observation, according to the initial patient characteristics and treatment. For the simple-variable Cox regression analysis, a significance level of 10 % (*P* \< 0.1) was adopted, and for the multiple-variable Cox regression analysis, a significance level of 5 % (*P* \< 0.05) was adopted. From these models, it was possible to calculate the hazard ratio and its 95 % confidence interval (CI). Finally, graphs of the survival curves were calculated by using the Kaplan-Meier method. The adopted level of significance was *P* \< 0.05.

Results
=======

Between September 2004 and January 2010, 63 patients with Child-Pugh class C cirrhosis and bleeding due to rupture of esophageal varices were treated with endoscopic injection of n-butyl-2-cyanoacrylate and included in this study. Patient characteristics and history are presented in [Table 1](#TB120-1){ref-type="table"}.

Failure to control bleeding, failure of secondary prophylaxis, and overall mortality rates in groups I and II are shown in [Table 2](#TB120-2){ref-type="table"}. The rates of failure to control bleeding did not differ between groups I and II (22 % and 38.5 %, respectively; *P* = 0.20). The failure rate of secondary prophylaxis was higher in group II than in group I (75.0 % vs 17.5 %, respectively; *P* \< 0.001). Thirty-four patients (54 %) were free of bleeding at 6 weeks after treatment, with a significant difference noted between the groups: group I, 64 %, versus group II, 15.4 % (*P* \< 0.001). The overall mortality rate was higher in group II than in group I (84.6 % vs 34.0 %, respectively; *P* = 0.001) ([Fig. 1](#FI120-1){ref-type="fig"}).

###### Results of endoscopic treatment with n-butyl-2-cyanoacrylate injection in patients with Child-Pugh class C cirrhosis.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                     No. (%)                                       Group I, no. (%)\                             Group II, no. (%)\                            *P*
                                                                                   (n = 50)                                      (n = 13)                                      
  ---------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- -----------
  Failure to control bleeding        16[1](#FN120-3){ref-type="table-fn"} (25.3)   11[1](#FN120-3){ref-type="table-fn"} (22.0)    5 (38.5)                                     .20

  Failure of secondary prophylaxis   13 (27.0)                                      7 (17.5)[2](#FN120-4){ref-type="table-fn"}    6 (75.0)[3](#FN120-5){ref-type="table-fn"}    \< 0.001

  Global mortality                   28 (44.4)                                     17 (34.0)                                     11 (84.6)                                     .001
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

One patient in whom bleeding failed to be controlled survived the bleeding episode.

Data refer to 7 cases (17.5 %) of failure of secondary prophylaxis from 40 patients who were alive to be submitted to secondary prophylaxis.

Data refer to 6 cases (75.0 %) of failure of secondary prophylaxis from 8 patients who were alive to be submitted to secondary prophylaxis.

![ Overall survival curves (N = 63): group I (GI) versus group II (G2).](10-1055-s-0034-1392600-i120ei1){#FI120-1}

After Cox regression analysis with multiple variables and a significance level of 10 % (*P* \< 0.1) for selected variables from the simple Cox regression analysis, we identified previous bleeding and the number of n-butyl-2-cyanoacrylate ampules injected as prognostic factors ([Table 3](#TB120-3){ref-type="table"}). Only the 48 patients who had survived at least 5 days after the initial treatment were considered when we evaluated prognostic factors for failure of secondary prophylaxis ([Table 4](#TB120-4){ref-type="table"}). The risk of failure of secondary prophylaxis for group II patients was 6.59 times higher than that for patients in group I (*P* = 0.001). All patients in whom secondary prophylaxis failed between 6 and 42 days after endoscopy died, whether or not there were further episodes of bleeding. These results confirm the importance of subdividing patients with Child-Pugh class C cirrhosis into those with scores within the range of 10 through 13 points and those with scores of 14 or 15 points as a prognostic factor for secondary prophylaxis failure.

###### Prognostic factors related to the rate of failure to control bleeding: Cox regression analysis with multiple variables.

                                                     Hazard ratio   95 % CI   *P*     
  -------------------------------------------------- -------------- --------- ------- ------
  Previous bleeding: yes vs no                       0.21           0.08      0.58    .002
  N-butyl-2-cyanoacrylate: ≥ 2 ampules vs 1 ampule   3.74           1.34      10.41   .012

CI, confidence interval.

###### Prognostic factors for failure of secondary prophylaxis: simple Cox regression analysis.

                                                                        Hazard ratio   95 % CI   *p*     
  --------------------------------------------------------------------- -------------- --------- ------- ------
  Child-Pugh class C cirrhosis scores: group II vs group I              6.59           2.2       19.77   .001
  Hemorrhage type: secondary vs primary                                 2.08           0.57       7.57   .266
  Previous bleeding: yes vs no                                          0.63           0.17       2.3    .484
  Esophageal balloon tamponade: yes vs no                               0.72           0.09       5.56   .755
  Endoscopic findings of variceal bleeding: recent vs active bleeding   0.47           0.16       1.4    .174
  N-butyl-2-cyanoacrylate: ≥ 2 ampules vs 1 ampule                      3.14           0.96      10.24   .058
  Cirrhosis cause:                                                                                       
  Cryptogenic vs alcohol and virus                                      1.02           0.17       6.1    .984
  Virus vs alcohol and virus                                            1.24           0.17       8.85   .827
  Other vs alcohol and virus                                            1.01           0.2        5.02   .989

CI, confidence interval.Only the 48 patients who had survived at least 5 days after the initial treatment were considered in evaluation of prognostic factors for failure of secondary prophylaxis.

When we investigated mortality, the following criteria were associated with poor prognosis: a Child-Pugh class C cirrhosis score of 14 or 15 points, secondary-type hemorrhage, a negative history of previous bleeding, and the need for injection of ≥ 2 ampules of n-butyl-2-cyanoacrylate. When analyzed together in a multivariate analysis, only the variables Child-Pugh class C cirrhosis score and previous bleeding were relevant. Patients in group II had a 3.32 (95 % CI, 1.53 -- 7.19)-fold higher risk of death (*P* = 0.002) in comparison with findings for patients in group I.

Discussion
==========

The natural history of variceal bleeding in patients with decompensated cirrhosis presents a dismal prognosis. In 2001, we (S. E. M., P. S., and F. M.-F.) and a colleague in our group described better outcomes in patients with Child-Pugh class C cirrhosis who presented with a first episode of variceal bleeding and were treated with endoscopic obliteration with n-butyl-2-cyanoacrylate, in comparison with findings for patients treated with ethanolamine injections. In this previous study, the rate of reduction of in-hospital mortality was 39 % in absolute values, which resulted in a number needed to treat of 2.5 [@JR120-10].

Cipolletta and colleagues [@JR120-11] used n-butyl-2-cyanoacrylate injection to treat patients with cirrhosis admitted for esophageal variceal bleeding, regardless of their Child-Pugh classification score. Once hemostasis had been obtained, EBL was performed for secondary prophylaxis. Their results were encouraging, with an overall mortality rate at 6 weeks of only 8.27 %. Unfortunately, it was not possible to discriminate among the results of patients with different Child-Pugh classification scores. More recently, Ljubicić and colleagues [@JR120-12] compared n-butyl-2-cyanoacrylate and EBL for the treatment of acute esophageal variceal bleeding in patients with cirrhosis, followed by EBL sessions in both groups until variceal eradication. The investigators found no significant differences between the methods. However, it should be noted that results for patients in the different Child-Pugh classes were not compared.

In another 2 studies, n-butyl-2-cyanoacrylate injection was compared with beta blockers or EBL for secondary prophylaxis of variceal esophageal bleeding [@JR120-13] [@JR120-14]. In both studies, patients in the n-butyl-2-cyanoacrylate injection group were treated with repeated endoscopic sessions of glue injection until variceal eradication. No difference was observed between n-butyl-2-cyanoacrylate injection and EBL in treated patients. Instead, local and systemic complications were more common in the group of patients who received n-butyl-2-cyanoacrylate injection. This approach of repeated injections is not appropriate for patients of all Child-Pugh classes, because injection of n-butyl-2-cyanoacrylate causes an intense inflammatory reaction. In the current study, n-butyl-2-cyanoacrylate injections were reserved for the treatment of variceal rupture episodes. For secondary prophylaxis of variceal bleeding, the patients underwent EBL.

In the current study, the clinical characteristics and history of the patients did not differ from those presented in the literature. They were predominantly men in their fifties, viral cirrhosis, primary hemorrhage, and a history of previous bleeding [@JR120-8] [@JR120-10]. In the current study, the rate of failure to control esophageal variceal hemorrhage was 25.3 %. It is noteworthy that only 1 patient (6.2 %) survived rebleeding in the 5 days after the initial treatment. The rate of failure of secondary prophylaxis was 27.0 %. It is important to note that according to the fifth edition of the Baveno International Consensus Workshop [@JR120-5], death due to any cause that occurs within 6 weeks after initial treatment is considered a failure of the endoscopic treatment. Many patients in the current study, especially in group II, died within this period, mostly because of multiple organ failure.

The subclassification of patients with Child-Pugh class C cirrhosis into 2 groups is supported by the literature [@JR120-6]. García-Pagán and colleagues [@JR120-6] treated patients with Child-Pugh class B cirrhosis with a score of 9 points and patients with Child-Pugh class C cirrhosis with a score up to 13 points who presented with an acute episode of esophageal variceal hemorrhage. Patients with a Child-Pugh class C cirrhosis score of 14 or 15 points were excluded. All patients received antibiotics and vasoactive drugs and underwent endoscopic evaluation with EBL. They were subsequently randomized to receive placement of TIPS within the first 72 hours or to continue with conservative treatment. The investigators described a 1-year survival rate of 86 % in the TIPS group, in comparison with 33 % in the conservative treatment group. However, it is important to note that only patients who had been successfully treated with drugs and endoscopic therapy in the first 24 hours were included [@JR120-6]. Moreover, patients with Child-Pugh class C cirrhosis made up less than 50 % of the sample, and considering that 9 centers included a total of 63 patients, it is apparent that some centers included very few patients, suggesting the possibility of selection bias. In the current study, we obtained a 6-week survival rate of 66 % in 50 patients with Child-Pugh class C cirrhosis with a score up to 13 points. We consider this an acceptable outcome, considering the severity of the condition of the patients included in the current study.

The overall mortality rate in the current study was 44.4 %, and that described in the original RCT by us (S. E. M., P. S., and F. M.-F.) and colleagues in our group [@JR120-10] was 33 %. This difference in mortality rate might be due to different levels of expertise with the treatment technique, as well as to the artificial environment created by RCTs and the number of patients with Child-Pugh class C cirrhosis scores of 14 or 15 points involved.

In the current study, patients with a history of previous bleeding presented with better bleeding control and a higher survival rate, in comparison with findings for patients who were admitted with their first episode of variceal rupture. The probable explanation for this is that these patients were already receiving treatment for liver disease with prophylactic drugs and endoscopic treatment for variceal eradication. Another risk factor in the current study for failure to control bleeding was the use of more than 1 ampule of n-butyl-2-cyanoacrylate in an attempt to stop the bleeding. The explanation for this finding probably lies in the fact that these patients presented with torrential variceal bleeding, which often demands more than 1 injection to arrest the hemorrhage.

In comparison with EBL, the endoscopic injection of n-butyl-2-cyanoacrylate is technically demanding. This is probably one of the reasons that this technique is underused. Another reason is that in many countries n-butyl-2-cyanoacrylate is not approved for use in endoscopic treatment, despite numerous published papers in which consistently acceptable results regarding n-butyl-2-cyanoacrylate treatment of gastric varices have been reported. The main complications associated with n-butyl-2-cyanoacrylate use are thromboembolic [@JR120-15] [@JR120-16] [@JR120-17] [@JR120-18]. Most cases of pulmonary embolism after n-butyl-2-cyanoacrylate injection in gastric varices are due to technical issues, such as speed of the solution injection, volume of glue injected in a single puncture, and volume of Lipiodol Ultra-Fluid used in the injected mixture. Adequate expertise in the technique of n-butyl-2-cyanoacrylate injection is essential to prevent embolic complications. In addition, isolated gastric varices (IGV 1; Sarin and Kumar's classification [@JR120-19]) are usually associated with spontaneous gastrorenal or splenorenal shunts, into which gastric varices commonly drain. Esophageal varices drain into a complex network of paraesophageal and periesophageal veins that drain into the azygos vein. The small caliber of these veins, the complexity of the venous network, and the correct endoscopic technique of n-butyl-2-cyanoacrylate injection might explain the lower systemic embolism rate of n-butyl-2-cyanoacrylate injection of esophageal varices, in comparison with the rate associated with n-butyl-2-cyanoacrylate injection of gastric varices.

The current study has some limitations that are inherent to a retrospective series, such as patient exclusion for incomplete record as well as the reduced ability to detect complications related to n-butyl-2-cyanoacrylate injection. In addition, the study was underpowered to identify some predictive factors for the studied clinical outcomes.

In conclusion, endoscopic treatment of variceal hemorrhage with n-butyl-2-cyanoacrylate injection in patients with Child-Pugh class C cirrhosis should be considered as a valid therapeutic option for this group of patients. Patients with Child-Pugh class C cirrhosis scores of 10, 11, 12, or 13 points had lower secondary prophylaxis failure and mortality rates, in comparison with findings for patients with Child-Pugh class C cirrhosis scores of 14 or 15 points. The cause of cirrhosis, sex of the patient, and endoscopic findings of variceal bleeding did not seem to affect the results of this treatment.

**Competing interests:** None
